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$F(x)=0$ Levenberg-Marquardt ( $\mathrm{L}\mathrm{M}$ )
$[1, 2]$ . $x$ $F$ , $x$
, $\mathrm{L}\mathrm{M}$ 2 . , $x$
$F$ , $||F(x)||$
, $\mathrm{L}\mathrm{M}$ $0$ 2 .
1
$F(x)=0$ (1)
, Levenberg-Marquardt ( , $\mathrm{L}\mathrm{M}$ ) . , $F$
$R^{n}$ $R^{n}$ .
$\mathrm{L}\mathrm{M}$ – , $x^{k}$ ,
$d^{k}$ .
$(F’(x^{k})TF’(x^{k})+\mu_{k}I)d=-F’(x^{k})\tau F(x^{k})$ (2)
$\mu_{k}$ . (2) , (F’(x TF’(xk)+\mu J)
, . , $d^{k}$ ,
$\phi(x).--\frac{1}{2}||F(_{X})||^{2}$
. ,
, $\mathrm{L}\mathrm{M}$ $\phi$ . , $x^{*}$ , $F’(x)*$
,
$0=\nabla\phi(x^{*})=F’(x)*\tau F(X)*$
, $x^{*}$ (1) . ,
, $\mathrm{L}\mathrm{M}$ . ( , $\phi$ (1)
. ) , $x^{*}$ $F’(x^{*})$ $l^{l}k$ ,
$\mathrm{L}\mathrm{M}$ $x^{*}$ – . , $\mathrm{L}\mathrm{M}$
.
, $x$ $F’(x)$ , –
$[4, 5]$ . , – , $F’(x)$
, $F$ . ,
.
Definition 1.1 $X$ (1) , $N\subseteq R^{n}$ $X\cap N\neq\emptyset$ .
$c$ , $F$ $N$
.
$c$ dist $(x, X)\leq||F(x)||\forall x\in N$
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$\alpha^{*}$. $F’(x)$ , $x^{*}$ (1) , $F$ $x^{*}$
. $F$
$x$ $F’(x)$ .
, $F$ $x^{*}$ , $x^{*}$




, $\mathrm{L}\mathrm{M}$ . , $x^{k+1}$
$x^{k+1}.--x^{k}+d^{k}$
. , $\mathrm{L}\mathrm{M}$ $d^{k}$ } ,
( $F’(x^{k\tau}\mathrm{I}F’(x^{k})+\mu_{k}I)d=-F’(x^{k})\tau F(x^{k})$ (3)
.
$\mathrm{L}\mathrm{M}$ , (3)
. , (3) ,
, .
, , $\theta^{k}$’ .
$\theta^{k}(d)=||F’(x)kd+F(x^{k})||^{2}+l^{\iota}k||d||^{2}$
$\theta^{k}$ ( 2 .
Inin $\theta^{k}(d)$ (4)
, $\theta$ 1 , (3) .
(4) , $\mathrm{L}\mathrm{M}$ .
, .
Assumption 2.1 (1) $X$ , $x^{*}\in X$ $(a),$ $(b)$
.
(a) $b\in(0, \infty),$ $c_{1}\in(0, \infty)$ .
$||F’(y)(X-y)-(F(_{X)())}-Fy||\leq c_{1}||x-y||^{2}\forall x,$ $y\in N(x^{*}, b).--\{x|||x-x^{*}||\leq b\}$
(b) $||F(x)||$ $N(x^{*}, b)$ . ,
$c_{2}$ .
$c_{2}disb(x, X)\leq||F(x)||\forall x\in N(x^{*}, b)$
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(a) $F$ $F’$ . ( , (a)
, . )
(a) , $L$ .
$||F(x)-F(y)||\leq L||x-y||\forall x,$ $y\in N(x^{*}.b)$
{
(5)




Assumption 22 $k$ $\mu_{k}:=||F(x)k$ $||^{2}$ .
$\mu_{k}$
$0$ . , (5) , $\mu_{k}$
2 . , , $\alpha,$ $\beta$
,
$\mu_{k}=\alpha\min\{||F(x)k||^{2}, \beta\}$
, , 22 .
. , $k$ , $\overline{x}^{k}$
$||x^{k}-\overline{X}|k|=\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x^{k}, x)$
$X$ .
Lemma 2.1 2.1 . , $x^{k}\in N(x^{*},$ $\frac{b}{2})$ $d^{k}$ (2)
. ,
$||d^{k}||$ $\leq$ $c_{3}dis\theta(x, Xk)$
$||F’(X)kdk+F(x^{k})||$ $\leq$ $c_{4}di_{S}t(x^{k}, x)$
. , $c_{3}=\sqrt{\underline{c}_{\mathrm{L}^{+}arrow c_{2}^{2}}^{2}c^{2}},$ $c_{4}=\sqrt{c_{1}^{2}+L^{2}}$ .
. d (4) ,
$\ovalbox{\tt\small REJECT}_{(d^{k})}\leq\theta^{k}(\overline{x}^{k}-x)k$
. , $x^{k}\in N(x^{*},$ $\frac{b}{2})$
$||\overline{x}^{k}-x*||\leq||\overline{x}^{k}-x^{kk}||+||x^{*}-X||\leq||_{X^{*}}-x^{kk}||+||x^{*}-X||\leq b$





















, $k$ $x^{k}\in N(x^{*}, b/2)$ , dist $(x^{k}, x)$ $0$ 2
.
Lemma 22 $x^{k},$ $x^{k-1}\in N(x^{*}, b/2)$ ,
dist $(x^{k}, x)\leq c_{5}\mathrm{d}\mathrm{i}\mathrm{S}\mathrm{t}(X-1, xk)^{2}$ (6)
. , $c_{5}=(c_{1}c_{3}^{2}+c_{4})/c_{2}$ .
. $x^{k},$ $x^{k-1}\in N(x^{*},$ $\frac{b}{2})$ $x^{k}=x^{k1}-+d^{k-1}$ , 2.1 (a), (b) 2.1
$c_{2}\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x^{k}, x)$ $=$ $c_{2}\mathrm{d}\mathrm{i}\mathrm{S}\mathrm{t}(x^{k-}1+d^{k-1}, X)$
$\leq$ $||F(X-+dk1k-1)||$
$\leq$ $||F’(x^{k1}-)d^{k-1}+F(x^{k-1})||+c_{1}||d^{k-1}||^{2}$
$\leq$ $c_{4}\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x^{k-1}, x)^{2}+c_{1}C_{3}^{2}\mathrm{d}\mathrm{i}_{\mathrm{S}}\mathrm{t}(x^{k-1}, X)^{2}$
$=$ $(_{C_{1^{C_{3}}}}2)+c_{4}\mathrm{d}\mathrm{i}\mathrm{S}\mathrm{t}(_{X,x}k-1)2$
. , $c_{5}=(c_{13}c^{2}+c_{4})/c_{2}$ , (6) $\square$
, $k$ $x^{k}\in N(x^{*},$ $\frac{b}{2})$ , {dist $(x^{k},$ $X)$ } $0$ 2
. , , $k$ $x^{k}\in N(x^{*},$ $\frac{b}{2})$
.
Lemma 2.3 $r:= \min\{\frac{b}{2+4c_{3}}, \frac{1}{2c_{5}}\}$ . $x^{0}\in N(x^{*}, r)$ , $k$
$x^{k}\in N(x^{*}, b/2)$ .
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. , $x’ \in N(x^{*}\frac{b}{2}$) $)$ . $\iota=0,1,$ $\ldots,$ $k$ , $x^{k+1}\in N(x^{*},$ $\frac{b}{2})$
. , $x^{0}\in N(x^{*}, r)\subseteq N(x^{*}.’ b/2)$ ,
.
, $k=0,$ $k\geq 1$ 2 .
$k=0$ : , 2.1
$||x^{1}-X^{*}||$ $\leq$ $||x^{0}+d^{0}-x^{*}||\leq||x^{0}-x^{*}||+||d^{0}||\leq r+c_{3}\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x^{0}, X)$
$\leq$ $r+c\mathrm{s}||X0_{-X^{*}}||\leq(1+c_{3})r$ (7)
. $(1+c_{3})r \leq\frac{b}{2}$ , $x^{1}\in N(x^{*}, b/2)$ .
$k\geq 1$ : $0\underline{<}l\leq k$ $l$ , $x^{l}\in N(x^{*}, b/2)$ . ,
22 , $1\leq l\leq k$ $l$ l
dist $(x^{l}, X) \leq c_{5}\mathrm{d}\mathrm{i}\mathrm{S}\mathrm{t}(X-, x\iota 1)^{2}\leq\cdots\leq c_{5^{-1}}^{2^{l}}||x-0x*||^{2^{l}}\leq r(\frac{1}{2})^{2^{\iota}1}-$
. $r \leq\frac{1}{2c_{5}}$ . 2.1 , $1\leq l\leq k$
$l$
$||d^{l}|| \leq c_{3}\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(X, Xl)\leq c_{3}r(\frac{1}{2})^{2^{l}-1}\leq c_{3}r(\frac{1}{2})^{2\iota_{-}1}$ (8)
. ,






. , 2 (7) , $r \leq\frac{b}{2+4c_{4}}$ .
$x^{l+1}\in N(x^{*},$ $\frac{b}{2})$ .
, .
$2.2_{J}.2.3$ , .
Theorem 2.1 2.1 , $r:=1 \mathrm{n}\mathrm{i}\mathrm{n}\{\frac{b}{2+4c_{3}}, \frac{1}{2c_{5}}\}$ . $x^{0}\in N(x^{*}, r)$
$LM$ ”} . {dist $(x^{k},$ $X)$ } $\mathit{0}$ 2 . $X$
(1) . , $\{x^{k}\}$ $\hat{x}\in N(x^{*}, b/2)$ .
. 22, 23 .
$\{x^{k}\}$ $\hat{x}\in N(x^{*}, b/2)$ . , {dist $(x,$$xk)$ }
$0$ k} $\subset N(x^{*}, b/2)$ , $\{x^{k^{\wedge}}\}$
. (8) , $k\geq 1$ ,
$||d^{k}|| \leq c_{3}r(\frac{1}{2})^{2k-1}$
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. , $P\geq q$ $h$ $\ovalbox{\tt\small REJECT} \text{ }p$ . $q|_{\sim}7\backslash$} $\text{ }-\tau$
$||x^{p}-xq|| \leq\sum_{i=q}^{p-1}||d^{i}||\leq\sum_{i=q}^{\infty}||d^{i}||\leq c_{3}r\sum_{qi=}^{\infty}(\frac{1}{2})^{2i-}1\leq 3c_{3}r(\frac{1}{2}\mathrm{I}2q$
. , $\{x^{k}\}$ $-$ , .
3













, $x^{k+1}=x^{k}+d^{k}$ 4 . 3 .
3: $m$ , $x^{k+1}=x^{k}+\beta^{m}d^{k}$ .
$\phi(x^{k}+\beta^{\mathit{7}n}d^{k})-\emptyset(x^{k})\leq\alpha\beta^{m}\nabla\phi(xk)\tau d^{k}$




Theorem 32 $\{x^{k}\}$ $LM$ . $\{x^{k}\}$ $\phi$
. $\text{ }k$ } (1) 1 . $x^{*}$
2.1 , {dist $(X,$$Xk)$ } $\mathit{0}$ 2 .
. $\nabla\phi(x^{k})\neq 0$ $d^{k}\neq 0$ ,
$\text{ }\phi(x^{kTk})d=(F’(x^{k})^{\tau_{F}}(x^{k}))^{T}dk=-((F’(Xk)\tau F’(xk)+\mu_{k})d^{k})^{T}d^{k}<0$
166
. , 3 , $\{\emptyset(X^{k})\}$ . \mu
. , $\mu_{k}arrow \mathrm{O}$ , $F(x^{k})arrow 0$ , (1)
. , $\phi$ . $-$ , $\lim\inf\mu_{k}>0$ ,
, $\{x^{k}\}$ $x^{*}$ $\phi$ .




. , I 2.1 . , $y^{0}=x^{\overline{k}}$
$\mathrm{L}\mathrm{M}$ $\{y^{l}\}$ . 2.1 , dist $(y\ovalbox{\tt\small REJECT} Xl.)$




, 22, 23 , $l$ ,
dist $(y\iota+1, x)\underline{<}C_{5}\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(y\iota, x)^{2}$
. (5), 2.1 (b) ,










, $\mathrm{L}\mathrm{M}$ (LCP $(M,$ $q)$ ) . LCP $(M, q)$ ,
$n\cross n$ $M$ $n$ $q$ ,
$x\geq 0$ , $klx+q\geq 0,$ $x^{T}(M_{X}+q)=0$
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$x\in R^{n}$ . , $\mathrm{L}\mathrm{C}\mathrm{P}(\Lambda I_{:^{q}})$
. Fischer-Brumeister [3].
$H(x)=0$
, $H$ $\{x||||H(x)||\leq\in\}$ [3].
$\epsilon$ . , $x$ , $H$ 2
. , $\mathrm{L}\mathrm{b}\mathrm{I}$ , .
Theorem 4.3 $fl$[ . $LM$
LCP I, $q$) . , 1 .
$LCP(\Lambda I, q)$ 2 $\square$
$\mathrm{L}\mathrm{C}\mathrm{P}(\Lambda[, q)$ ,
(a) $l\backslash I$ , 1 .
(b) $\mathrm{A}^{\mathrm{J}}I$ , 1 .
1 , – [4, 5, 6].
, (a) , – . (
, (b) – . )
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